Completeness is an important indicator of data quality in cancer registry programs. This study aimed to estimate the completeness of registered cases in a population based cancer registry program implemented in five provinces of Iran. Capture-recapture methods were used to esti mate the number of cases that may have been missed and to estimate rates of completeness for different categories of age, year, and sex. The data used for this study were obtained from three sources: 1) National Pathology Database; 2) National Hospital Discharge Database; and 3) National Death Registry Database. The three sources were linked and duplicates were identified based on first name, last name, father's names, and date of birth, ICD code, and case's residency address using Microsoft Excel. Removing duplicates, the three sources reported a total of 35,643 cases from March 2008 to March 2011. Running many different multivariate models of capture-recapture and controlling for source dependencies revealed an overall under-reporting of 49% in all five registries combined. The estimated completeness differed based on age, sex, and year. The overall completeness was higher for males than females (71.2% for males and 59.9% for females). Younger age had lower rates of completeness compared to older age (38.1% for <40 years, 55.4% for 40-60 years, and 76.7 for >60 years). The results of this study indicated a moderate to severe (depending on the age, sex and year) degree of completeness in the population based cancer registration of Iran.
Introduction
Cancer is a leading cause of death in both more and less economically developed countries. Based on GLOBOCAN estimates, about 14.1 million new cancer cases and 8.2 million deaths occurred in 2012 worldwide (Torre et al., 2015) . Cancer is the third leading cause of death in Iran, (Moh and ME, 2009 ) and it accounted for 12% of all deaths (Organization, 2014) . Moreover, it is estimated that more than 70,000 new cases of cancer occur in Iran annually (Moh and ME, 2009 ). Knowing of cancer incidence is essential like to plan, control, and promote regional and national cancer control programs (Schouten et al., 1994; Kamo et al., 2007) . The cancer registry is an organization set up for the systematic collection, storage, analysis, interpretation and reporting of data on subjects with cancer, using the available data result in saving time and cost (Hearst and Hulley, 1988) . Cancer registries originated in the first half of the twentieth century, and have expanded in the last 20 years (Parkin, 2006) . In Iran, the first activities that were performed in order to organize cancer reporting were started in 1956 when Cancer Society in Tehran University was founded (Habibi, 1984) .
The report was based on the data collected from pathologic centers. It included cancer data from 1945 -1956 with an incidence rate of 28/100,000 in the south and 42/100,000 in the north of Iran (Habibi, 1984; Mohagheghi and Mosavi-Jarrahi, 2010) . At the moment, in Iran the incidence of cancer is estimated by the data obtained from the pathology-based cancer registry which is unique.
The value of cancer registry and its ability to carry out such activities rely heavily on the quality of the data ). The completeness level of cancer registration is one of the main parts of quality control in such registration . Completeness of registration is the proportion of all incident cases in the registry's population that have been included in the registry database. Incidence rates and survival proportions will be close to their true value if maximum completeness can be achieved. Cancer registry completeness can be evaluated by independent case ascertainment, capture-recapture, or death-certificate methods (Shin et al., 2007; Bray and Parkin, 2009 ). Among the techniques described in the reports of the International Agency for Research on Cancer (IARC), capture-recapture method was considered to be at the same level of the best methods (Schouten et al., 1994) . This is important enough since a significant part of quality control in cancer registration reported by the International Association for Research on Cancer (IARC) is based on the estimated number of cases in the community, that is, not based on the registered cases (Schouten et al., 1994; Ghojazadeh et al., 2013) . Capture-recapture method is used in various health related fields to estimate hidden populations, completeness of registrations, incidence, and prevalence of diseases and special events (Hook and Regal, 1995) . Also, capture-recapture methods are recommended for reducing the costs of disease registration as well as reducing bias in incidence estimations and for comparing population subgroups. Modeling the effect of intervening variables presents better estimations of population size and therefore solves many problems of the estimation of population size (Tilling, 2001) . Although passive cancer data registration was started since around 1999 in the Center for Disease Control report of cancer / Ministry of Health and Medical Education, as it did not cover all pathology labs and other departments that had related data about cancerous patients all over the country, the first results of national reports were not accurate for national estimation. For example ,the first report had only 18% coverage (Mohagheghi and Mosavi-Jarrahi, 2010) , thereafter, pathologic based registration continued until the last national reports in 2009 that claimed coverage of more than 86% (Moh and ME, 2009 ). Nevertheless, these reports are based on the data obtained from the majority of pathologic labs, but not all of the centers. There are also some independent scientific departments like research centers that have domestic data about cancer cases, which are population based and reported separately (Modirian et al., 2014) . Since most cancer registries employ more than one data source for case finding, the capture-recapture method may be used to estimate the number of incident cases in the population and hence to assess the completeness of case ascertainment (Robles et al., 1988) . Evaluation of completeness is important for all registries . It helps public health professionals in programming and implementing policies to control burden of cancers more effectively (Modirian et al., 2014) .
Therefore, completeness of registration is used as one of the measures of determining the quality of a cancer registry (Schmidtmann, 2008) . This study aims to estimate the completeness of GI cancer from three sources using the capture-recapture method and the log linear model.
Materials and Methods

Sources of data
The data used for this cross-sectional study were obtained from three sources including the national report cancer registry (pathology report), hospital records and national death registry in five provinces of Iran namely Esfahan, Golestan, Semnan, Bushehr and Kermanshah, during March 2008 to March 2011.
Statistical methods
A capture-recapture analysis was performed to estimate the number of patients that may have been missed. Capture-recapture has been advocated for use in estimating completeness of disease registers, (Hook and Regal, 1995) and it has been applied several times to estimate the completeness of cancer registry data (Brenner et al., 1994; Schouten et al., 1994) .
To use the capture-recapture method, two main assumptions should be considered, that is, sources of information should be independent and everybody that contributed in the process of gathering data should be given the opportunity of partaking in the study (19, 22) . The capture-recapture and log-linear model was used to estimate the completeness and accurate incidence rate of GI cancer in the selected provinces from three sources.
With three registers there are eight possible combinations of these registers in which cases do or do not appear. The general model uses eight parameters, the common parameter (the logarithm of the number expected to be in all lists), three main effects parameters (the log odds ratios against appearing in each list for cases who appear in the others), three 'two-way interactions' or second order effect parameters (the log odds ratios between pairs of lists for cases who appear in the other) and a "three-way "nteraction parameter. For three registers, A with i levels, B with j levels, and C with k levels, the natural logarithm (ln or loge) of the expected frequency Fijk for cell ijk, ln Fijk, can be denoted as:
where θ is the common parameter, λ A , λ B and λ C are the main effect parameters, λ AB , λ AC and λ BC are the second order effect (two-way interaction) parameters and λ ABC is the highest order effect (three-way interaction) parameter. The value of this last three-way interaction parameter cannot be tested from the study data and is assumed to be zero.
To assess how the various log-linear models fit the data (model fitting) and select the best model, the log likelihood-ratio test, also known as G 2 or deviance, was used, as well as Akaike's information criterion (AIC) and Bayesian information criteria (BIC) which can be expressed as:
Obsj is the observed number of individuals in each cell j, and Expji is the expected number of individuals in each cell j which is under model i.
2 is a measure of how well the model fits the data and the second term, 2(df), and is a penalty for the addition of parameters (and hence model complexity).
A n o t h e r i n f o r m a t i o n c r i t e r i o n i s t h e bayesian Information Criterion (BIC), which can be expressed as: BIC = G 2 − [lnN obs ][df] N obs is the total number of observed individuals (Agresti and Kateri, 2011) AIC is the more appropriate criteria which is used by researchers for model selection Regal, 1997 (Hook and Regal, 1997; Motevalian et al., 2007) ). To select the best-fit model, Akaike statistics, which is very common in scientific researches and analyses was used (Hook and Regal, 1995) . However, the model is best fit when the value of G2, AIC and BIC is lower. Therefore, these criteria should be used for evaluating the goodness of fit. The total number of cases that might have been present in the cancer registries were estimated from the best fitting model. The estimated percentage of completeness (EPC) is the proportion of observed to estimated cases. In all registries, the percentage of completeness cannot exceed 100%. The percentage difference can be calculated by 100 -EPC. The estimates of total number of cancer cases in 3 years and annual cases were calculated. Also the completeness was calculated by age groups, gender and calendar year respectively. All registrations were checked for duplication based on full name, father's names, date of birth, ICD codes and address and the duplicates were removed , using Excel software.
All calculations for the capture-recapture method were made using STATA software, version 13 (StataCorp, Texas, USA). The confidentiality of all data was ensured in all stages of the study from extraction of the data from the cancer registry to analysis, reporting and preservation of the backup data. The Ethics Committee of Shahid Beheshti University of Medical Sciences approved this study.
Results
The goal of this study was to evaluate the completeness of registration in 5 provinces (Golestan, Isfahan, Kermanshah, Semnan and Busheher) for cancer cases, of patrons resident in the district of the provinces at the date of diagnosis. GI cancers were chosen in this study because it is, for both sexes, one of the most common and lethal Table 2 ). The completeness of GI cancers was estimated generally and to the age, sex and year subgroups based on the estimated new cases (by use of a selected model in log-linear analysis) as shown in Table 3 . The overall completeness for GI cancers (three sources) was 66.2% and it increased from 41.5% in March 2008 to 76% in March 2011. Figure 2 shows that the number of cancer cases increased from 2,999 in year 2008 to 3,244 in year 2010.
The completeness shows the difference between men and women, and it was observed that the completeness of the women is higher than that of the men.
The highest completeness was observed in age group 3 (60 years and above) which was 76.6% and the lowest was observed in age group 1 (under 40 years) which was 31.8%.
The highest completeness is related to stomach cancer cancers in Iran, especially in the northern region, so it is of great interest to evaluate the completeness of registration of GI tumors (gastric, colorectal and liver). It was observed that a total of 53398 cancer cases was recorded (pathology reports: 24941, death certificates: 20468, hospital records: 7989) for all cancers in 5 provinces from March 2008 to March 2011. After removing duplicated registrations and linkage of the data from the three data sources provided, 35643 cases were observed to be statistical (44.7% female and 55.3% male) but the number of new cases for GI cancers were 9,574 (43% female and 57% male). The mean age at diagnosis (for GI cancer) was 62.9 ±16.9 years generally and 64.8 ±16.1 and 60.6 ±17.7 years for men and women respectively. 20 patients were excluded because they were of unknown age. The majority of the patients were 60 years or older (62.36%). The men to women ratio for all cancer cases was 1.26 (year 2010) and for GI cancer it was 1.13 (year 2010). Figure 1 shows the percentage of share of the final data from each data sources.
Based on the results of eight models that estimated the true number of cancer registry from the three data sources, clinical centers, which were sent directives and guidelines regarding the registry as well as information regarding the obligation to report cancer cases (Lankarani et al., 2013) .
Overall, sensitivity of cancer registries for all cancers in Ardabil province was 53.2% (Ghojazadeh et al., 2013) and that for all the selected hospitals of Shiraz was 58.6% (Sharifian et al., 2015) . Also, sensitivity in Gambia was 50.3% (Shimakawa et al., 2013) . The results are consistent with results of this study. This finding confirms the need for planning in order to improve the completeness of national cancer registry.
Because of the high fatality, the gastro intestinal tract of cancers was chosen for analysis. The log-linear method was used for statistical analyses. Sub-analysis revealed differences by site, sex and age groups. The overall completeness for GI cancers (three years) shows the difference between men and women respectively. Overall, the sensitivity of the system of this study in the estimation of the completeness of GI cancer was 66.2%, and it was considerably lower than the rate reported in Canada (95.83%) (Robles et al., 1988) . Also total percentages of the completeness of cancer registration in Shiraz showed that the registration of females (67.6%) was higher than that of the males (41.4%) respectively (Sharifian et al., 2015) , but in the study of Ardabil, completeness for men (68.5%) was higher than for women (Khodadost et al., 2014) . Also, Matsuda's and et al (2014) research in Japan showed that the incidence percentage for males (58.4%) was higher than for females (41.6%) .
Studies carried out in Ardabil and Japan were similar to the present research, but they had lower registration percentage when compared with this study.
In this study, with increasing age, the completeness estimation was increased, and the highest and lowest completeness was observed in age group 60 and above (76.6%) and age group of under 40(31.8%) respectively. Other studies conducted in Iran and other parts of the world reported similar results such as: estimation for the old age group is similar to the incidence reported, among males and females in Japan (Matsuda et al., 2014) . Also the percentages of completeness of cancer registration in ages between 60 to 69 and above 69 years old were 54% and 51.8% respectively, but the age group of under 20 years old was the lowest for cancer registration (Sharifian et al., 2015) .
The percentages of the completeness of the cancer registration in stomach and colorectal cancers were 85.3% and 78.7% in 2010. The highest completeness is related to stomach cancer with an underestimation rate of 14.7%, and the lowest is given to liver cancer with an underestimation rate of 43% in this study. But in the study of Shimakawa (39) , completeness for liver was estimated at 46.5% using the capture-recapture method and lower completeness was found in the liver, but they had lower registration percentage when compared with this study. It is possible that some of the metastatic liver could have been erroneously registered as primary tumors of liver in death certificates.
Completeness of gastric cancer registry in this study was considerably higher than the rate reported in Ardabil (35.9%) and Shiraz (58.7%) (Sharifian et al., 2015) , but with an underestimation rate of 14.7% and the lowest is given to liver cancer with an underestimation rate of 43%.
Completeness of stomach cancer increased from 46.8% in 2008 to 85.3% in 2011; during these years, it has increased by 38.5%.
The percentages of the completeness of the cancer registration in colorectal cancers were 78.7% in 2010. Because of the low sample, completeness of liver and pancreases were not calculated in 2008.
Discussion
The findings in this study show that the mean age of the onset of cancer is different by gender and cancer incidence in men is more than in women. The majority of the patients were 60 years old or above (62.4%). The overall mean age was 62.9 years (64.8 for men and 60.6 for women) in 2010 and the mean age of women was lower than that of the men. In most studies conducted in other parts of Iran, average age was reported to be about 58-68 years (Biglarian et al., 2009; Rajaiefard et al., 2011; Aghaei et al., 2013; Khodadost et al., 2014) . The men to women ratio for all cancer cases was 1.3 and for GI cancer it was 1.1 for year 2010.
This finding is consistent with country report (1.3) (Moh and Me, 2009 ) and regional reports such as: Mosavai-jarahi (1.4), and Aghaei (1.9), (Aghaei et al., 2013) .
Also, in Finland and the union of Europe, this value is equal to 1.4 and 1.7, respectively and small difference in male to female ratio was observed (Bray et al., 2013) , though this ratio was different from that of Ardabil's population-based cancer registry report of 2008 (2.2) (Khodadost et al., 2014) . In this study, the capture-recapture method and log-linear models were used for estimating cancer registry and evaluating the dependence between pairs of sources, after which the most dependent sources were then grouped. Before estimating the missing data, the log-linear method was handled. In this case, the best option is to use a model with all possible interactions between sources (Regal and Hook, 1991) , as such the best model was selected using AIC, BIC and G 2 statistics and it was discovered that the underestimation rate of cancer registry for all cancers were 49%.
The results of some studies such as Suwanrungruang et al., 2011 ,(Parkin et al., 2001 Dimitrova and Parkin, 2015) and (Lang et al., 2003) were higher than the results of this study . The estimated completeness was in the range of 70-99% in most studies.
The reasons may vary from differences between societies and structural and management differences in health and treatment systems of these countries.
Based on the results of some studies in Iran, sensitivity of cancer registration was lower or higher in other studies than in this study such as: Ghojazadeh in West Azerbaijan province (38.9%) (Ghojazadeh et al., 2013) and Lankarani in Fars province was above 100% (Lankarani et al., 2013) . Although completeness of converge varied by cancer site, improvements in the completeness of converge in some places may have resulted from better communication with reporting centers such as pathology laboratories and lower than that of other countries such as Canada (95.9%) (Robles et al., 1988) and South Korea (93.2%) (Im et al., 2000) . This difference may be because of the time of that research, so this comparison seems not to be logical.
The results of the present research show that the registration for stomach cancer is higher than the other types of GI cancer, but it still needs to be improved.
The results of some studies showed that the percentage of the completeness of colorectal cancer was 38.9% for Sharifian (Sharifian et al., 2015) , 66% for Zendehdel in Iran (Zendehdel, 2015) and approximately 60% for McClish in Virginia, (McClish and Penberthy, 2004) , which is lower than that of the present study.
In the study conducted by Larsen, completeness of colorectal and liver cancers for the period of 2001-2005, estimated by the capture/recapture method, was approximately 99% and 98.6% respectively also indicating that the registration in those researches was higher than the registration done in this study .
The reasons may be as a result of the difference of the spread of colorectal cancer in developed and developing countries like Iran due to the differences in life styles, diets, and intake of alcohol in those countries and also the ability to diagnose the disease based on its different risk factors (Sharifian et al., 2015) .
Cancer registry data make it possible to describe the size and dynamics of the cancer burden, to study cancer etiology, evaluate the effects of primary and secondary prevention and to plan health services. Thus, they have great relevance for public health and must be at all times as complete and valid as possible (Sigurdardottir et al., 2012) . As a result, the ideal percentage for cancer registration is about 90% to 100% (Kroll et al., 2011) .
The results of this study confirmed the underestimation rate in the cancer registry data. The extensive effort to collect, improve coverage and validity of information of the cancer registry are necessary. Considering the importance of subject, additional attention of authorities is necessary for improving the methods and plans of cancer registration in cancer registry centers. If the application conditions of the capture-recapture method are carefully adhered to, it becomes possible, to produce a correct estimate of the number of missing cases.
